(RECEIVED FOR PUBLICATION APRIL 21, 1960) In 1950, a review of 39 cases of collapse of the lung associated with primary pulmonary tuberculosis was published (Macpherson and Lutwyche, 1950) . The present work is based on a further study of these patients, with the addition of 12 others.
These 51 patients showed radiological evidence of segmental or lobar lesions suggesting a reduction in lung volume, and they were all selected from the 1,323 patients attending the Brompton Hospital contact clinics between 1932 and 1957 who had positive tuberculin tests. Those with pulmonary shadows without reduction in lung volume had been excluded. In 40, hilar glands were visible, indicating that tuberculous infection had taken place recently; in 11, glandular enlargement was not evident though the parenchymatous lesions still remained. In all the original 39 patients the pulmonary lesions had occurred during the early stage of a primary tuberculous infection and were usually associated with demonstrable hilar gland enlargement. Our additional ones include some in whom the acute stage had passed at the time the patient was first seen, and the pulmonary lesions had been present for several months. The original 39 have now been followed up for a further 10 years.
Two patients could not be traced, in some it has been necessary to rely on postal inquiries, while the remainder have been followed up over a period from 1934 to the present time. The majority have been seen at regular intervals, varying from one and a half to 26 years, and 10 patients have attended over a period of 20 years, the average follow-up period being 12 years.
Pathological interpretations have not been attempted from radiological or clinical observations, but pathological evidence is available from seven patients in whom the affected part of the lung was removed.
The present work is not primarily a statistical study, since one is already in progress at the Brompton Hospital as part of a full review of all the children attending the hospital's children's contact clinics between 1932 and 1953. The particular concern of this report is to follow the clinical course which our patlents have taken, so that some guide can be given in making a prognosis, and to consider how the findings should influence our treatment of these patients in the early stage of the disease.
MANAGEMENT
The majority of children in this series had contracted tuberculosis before the advent of chemotherapy, but the treated cases are too few for any safe deductions to be made as to its value. There are several reports (Cameron, Hay, and Temple, 1957; Bentley, Grzybowski, and Benjamin, 1954; Lincoln, Harris, Bovornkitti, and Carretero, 1958) suggesting that the drugs have small effect on the rate of healing of either the hilar glands or of associated endobronchitis. This is not surprising in view of the amount of caseous material found in the affected glands. Nevertheless, most of the children in this series who have been seen since 1949 were given chemotherapy if there was evidence of active tuberculous disease. A combination of streptomycin, P.A.S., or isoniazid was used, primarily to prevent extrapulmonary complications but also in the hope that it might promote healing within the lungs or bronchi.
Many of the children received institutional treatment. The value of this in severely affected cases is obvious. Its value is less obvious in mild cases and in children who can be well cared for at home. Most physicians, however, agree that when a primary tuberculous affection is severe enough to cause a segmental lesion, a period of rest and observation is beneficial and this is often carried out most satisfactorily in an institution. It is noteworthy that of the 15 children whose chest radiographs cleared, only one child was treated at COLLAPSE OF THE LUNG home and 14 in hospital, whereas of the 36 children whose radiographs never returned to normal over one-third (14) children, and of these 25 persisted. Their distribution within the lobes is shown in Fig. 1 . The initial lesions have also been grouped as shown in Table II . In the distribution of the lesions the right upper lobe, or one of its segments, was the site in which lesions were found most commonly. Next in order was the right middle lobe. The lower lobes were less commonly affected; nevertheless, the prognosis for lower lobe lesions is not good, for it will be seen that of 13 lower lobe lesions only five showed recovery. With the poor drainage and consequent secondary infection in these sites symptoms were common and troublesome. In five children surgical treatment was required for relief of the symptoms resulting from lower lobe lesions.
BRONCHOSCOPY.-We think that abnormal findings would be present in a high proportion of patients if bronchoscopy had been performed as a routine. However, bronchoscopy in small children requires a general anaesthetic, and, since this is not without risk, it was used only when likely to reveal information of value in treatment. By (Table IV) . The earliest of these operations was performed in 1938 and neither the resected specimen nor the detailed report could be traced. Sections from the remaining six and the original macroscopic report of the specimens have been re-examined. It will be seen that in five of the seven children resection was performed for post-tuberculous bronchiectasis. The interval between first diagnosis of pulmonary (1938), one year after primary tuberculosis had been first diagnosed, the left lower lobe was found to be collapsed but free of adhesions and was removed. The sections and the report made upon them could not be traced.
Twenty-one years later the patient is very well and has no symptoms.
CASE 2.-Severe pulmonarv collapse (Fig. 2a ) associated with a tuberculous pleural effusion occurred in 1944 when the patient was 12 years old. Chemotherapy was not available. The right main bronchus was occluded by a gland which, on bronchoscopy, was seen to be almost completely extruded into it. After this particularly severe primary tuberculous infection had healed, the child was left with a collapsed right upper lobe ( Fig. 2b and 2c) Bronchoscopy one year later revealed a slit-like opening in the left lower lobe bronchus which closed completely on expiration (Fig. 3a) . No Bronchography in 1957 (Fig. 3b) . when she was 12 vears old, showed narrowing of the distal part of the left main bronchus and total collapse of the left lower lobe. Bronchoscopy showed stenosis of the left lower lobe bronchus and healed ulceration in the wall of the right main bronchus. At operation at the age of 12 years (nine y-ears after collapse was diagnosed), the l2ft upper lobe was found to be filling the greater part of the left side of the chest. The left lower lobe was very small and was removed. There were a number of thin vascular adhesions. The obstructed bronchial trze contained thick pus.
Histological examination of a section of the whole of the left lower lobe showed massive collapse (Fig.  3a) . CASE 4. Collapse associated with primary tuberculosis was diagnosed in 1949 when the child was 4! years old. No chemotherapy was giv2n. When the primarv infection had healed the child continued to have a cough, sputum, and recurrent bouts of fever. Bronchography (1949) showed crowding of the left basal bronchi with dilatation of the branches to anterior and lateral basal segments. The apical segment of the left lower lobe was normal. When repeated two and a half years later (1952) bronchography showed partial re-aeration of the lobe with dilatation of the anterior and lateral basal segments the posterior basal segments being normal and the lateral basal segmental bronchi spread more widely but not dilated. Bronchoscopy during initial investigations in 1949 revealed a left lower lobe bronchus which was compressed obliquely and which, on inspiration, opened and discharged frothy secretions.
A left lower lobectomy was performed in 1953 when the child was 8 years old, four years after collapse was diagnosed. At The microscopic section from the left lower lobe showed bronchi dilated proximally but obliterated by scar tissue at the fourth or fifth generation. Between the bronchial pathways the lung was still aerated and there was no evidence of pulmonary collapse. It may be that originally the whole lobe was collapsed and only the bronchial pathways in the anterior and middle basal segments had been obliterated by infection. Expansion in these areas had probably occurred by collateral ventilation as described by Van Allen and Jung (1931) .
CASE 5.-Primary tuberculosis with pulmonary collapse was diagnosed in 1945 when the child was 2 years old. Chemotherapy was not available. Recovery was incomplete and the child still had a persistent productive cough. Bronchography in 1952 showed stenosis of the right intermediate stem bronchus just distal to the upper lobe bronchus and bronchiectasis of the right middle and lower lobes, and bronchoscopy before operation showed a right intermediate stem bronchus narrowed to 1 mm. from fibrous concentric stenosis. At operation (1952), seven years after collapse, it was found that the right middle and lower lobes were diminutive, the right upper lobe occupying most of the right chest.
Microscopic sections showed chronic massive collapse of the right middle and lower lobes. The bronchi in the affected areas showed considerable fibrosis.
CASE 6.-The onset of collapse associated with primary tuberculosis was diagnosed in 1952 when the baby was 11 weeks old. Chemotherapy was given. A discharging tuherculous sinus developed above the right clavicle. The right upper lobe collapsed and there was much wheezing due to obstructive emphysema of the right middle and lower lobes.
Bronchography in 1954 showed stenosis of the right main bronchus below the origin of the upper lobe, the anterior segment of the right upper lobe failed to fill, and in the apical segment of the right lower lobe bronchiectasis was seen. Bronchoscopy showed an abrupt stenosis just below the right upper lobe bronchus, the lumen being 1 mm. by 2 mm. No evidence of active ulceration was seen.
At operation (1954) the pleura over the right upper lobe was found to be adherent to the chest wall, especially anteriorly, and contained small nodules of tuberculous disease. The middle and lower lobes felt normal. The hilar structures were densely adherent, particularly the artery and bronchus, but the hilar glands were not enlarged. After the right upper lobe had been removed, the orifice of the right upper lobe bronchus was seen to be very small and the wall of the main bronchus was thickened. On probing, the main bronchus was found to be stenosed just below the upper lobe orifice. The stricture was resected and a large caseous gland removed from behind the right main bronchus, another being removed from above the azygos vein posteriorly. End-to-end anastomosis of the bronchus was then performed.
On histological examination the lung tissue was congested, suggesting early circulatory stages of collapse. The vascular changes were not as striking as those seen when resection was performed much later after collapse.
CASE 7.-The right middle lobe collapsed, associated with primary tuberculosis, in October, 1954, when the child was 21 years old. Chemotherapy was given. The primary tuberculous lesion healed, but the child had recurrent attacks of severe fever and bronchitis, and bronchography in 1957 showed bronchiectasis in the apical segment of the right lower and right middle lobes and narrowing of the right main bronchus. Bronchoscopy showed the right main bronchus to be narrowed to half its normal size. At operation (1957). 
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Histological examination showed a moderate degree of bronchial dilatation and the lung substance showed circulatory changes suggesting chronic collapse. No tuberculous lesions were found.
DISCUSSION
The nature of lung shadows which are seen during the course of primary pulmonary tuberculosis in children has given rise to much discussion. Numerous and varied opinions have been expressed and these have been summarized by Jacobs (1958) . Samuel Gee (1877) considered the lesions to be due to a caseous pneumonia, and Oppenheimer (1935) reproduced them by the intratracheal injection of sterile caseous material into hypersensitized rabbits. Morlock and Pinchin (1933) believed them to be due to the pressure of hilar glands causing absorption collapse, a view shared by Hutchison (1949) : the last view is also supported by Brock, Cann, and Dickinson (1937) in their review of eight cases of tuberculous mediastinal lymphadenitis in childhood, and by Roberts and Blair (1950) . Jones, Rafferty, and Willis (1942) quoted convincing evidence that the shadows may be due to a lobar or lobular atelectasis occurring as a result of interference with pulmonary aeration and drainage. Kent (1942) also supported this view. Seal (1958) , working on material removed early in the disease, attributed the shadows to a non-caseating pneumonia, and wrote that " in Sully Hospital we have never encountered simple collapse as a cause of segmental radiological opacities that persist for a month or more." The most complete review of this whole question is that by Rich (1951) . In this he quoted convincing evidence from several authors to show that either a resolving tuberculous pneumonia or atelectasis from the pressure of hilar glands may cause the segmental radiographic shadows described by Eliasberg and Neuland (1920) The majority of these children had few symptoms, the lesion only being found when the child was radiographed because of contact with a known case of tuberculosis. Some children, however, seem to develop a secondary infection at an early stage and are more ill, the clinical picture being that of bronchopneumonia. A few present with dyspnoea or stridor as a result of occlusion of a main bronchus or pressure on the trachea, and these may require urgent treatment.
In In the human lung the appearance is similar, suggesting that, as the air is absorbed following obstruction, the capillaries in the walls dilate and the alveolar walls come together and ultimately fuse, obliterating alveolar spaces so that the bulk of the reduced lung is no longer alveolar space, but the dilated capillaries within alveolar wall. A collapsed lobe, therefore, appears congested although the circulation may be reduced.
The pattern of lung is maintained, but it would seem that alveolar walls are gradually incorporated into the connective tissue of the septa and the sheaths of blood vessels and bronchi. Over the years the amount of alveolar remnant gradually diminishes, but there is some increase in fibrous tissue in the sites at which it occurs naturally. This is in contrast to the diffuse fibrosis, with destruction of tissue and loss of lung pattern, which typifies reduction in volume associated with scars of tuberculous pneumonia.
Of the resected specimens, that from the lung of the girl with active tuberculosis revealed a cavity and caseous foci in the otherwise collapsed lobe, while in none of the others were caseous lesions found. In four children the findings were characteristic of chronic collapse and in one the bronchi in some of the segments were dilated proximally and obliterated peripherally, probably as a result of secondary infection. The records of the other were not available. Thus in five children no caseous lesions were found, suggesting that in most the complications were due to collapse and not due to pneumonic change.
The majority of children with active primary lesions associated with radiographic changes suggesting a reduction in lung volume recover clinically; active tuberculous pulmonary lesions rarely develop. The policy of using general medical and antituberculous measures rather than thoracotomy and removal of glands in the early stage has been successful in 41 out of the 51 children.
We have now had the opportunity of observing these children over a long period and, except in cases of obstruction of the trachea or large bronchi requiring urgent removal of caseous glands, the policy of maintaining an expectant attitude seems justified. It may be argued that in the seven children in whom lobectomy became necessary, surgical removal of caseating glands would have resulted in re-expansion of the lung and its return to normal, but, with our present knowledge, it has not proved possible to predict which of the lesions will recover spontaneously and which will eventually require operation.
SUMMARY
This paper reviews 51 cases of primary pulmonary tuberculosis associated with collapse or consolidation leading to a reduction in lung volume.
The good results obtained initially by conservative management and borne out by the children's health during the long follow-up period support our view that surgical treatment during the early stage of the disease is not generally necessary.
Special reference is made to the seven patients requiring surgical treatment and to the histology of the resected specimens: in only one of the six examined was there any evidence of caseous disease.
We are much indebted to Dr. W. E. Lloyd, the senior physician in charge of the children's contact clinic, for the inclusion of children who were under his care, and to Sir Russell Brock, Mr. W. P. Cleland, Mr. 0. S. Tubbs, and Sir Clement Price Thomas, who operated on our cases. Much of the follow-up work was possible only by the co-operation of the many physicians in charge of chest clinics who sent reports on the children now in their areas. Dr. George Simon helped us with radiological interpretation, and we are greatly indebted to Mrs. Hulme, secretary of the children's contact clinic, for her invaluable assistance over many years. The photographs were prepared by Mr. A. Curd in the photographic department of the Brompton Hospital.
